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The invention relates to a method for coupling 
proteins to a starch-derived modified polysaccharide. 
The binding interaction between the modified 
polysaccharide and the protein based on a cava lent 
bond which is trie result of a coupling reaction 
between the terminal aldehyde group or a functional 
group of the modified polysaccharide rnoiecuJa resulting 
from the chemical reaction ol this aldehyde group and 
a functional group of the protein which reacts with 
the aldehyde group or with the resulting functional 
group* of the potyoaccharidB molecule. The bond 
directly resulting horn the coupling reaction can be 
optionally modified by a further reaction to the 
aforernerrtioned covslent bond. The invention further 
rotate* to pharmaceutical oompa&aicns that comprise 
conjugates formed in this coupling process and to the 
use of said conjugates and compositions for the 
prophylaxis. Of therapy of the human or animal body. 
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Coupling proteins to a modified polysaccharide 

The rapid development in genetic engineering in recent: 
decades has led to the new ide tit if teat ion or* a large number 
5 of genes for proteins having potential therapeutic benefits 
and to the possibility of producing without difficulty the 
corresponding gene product s, pure or nearly pure in 
relatively large quantities, with the aid of biological 
expression systems. 

:o 

However, it has emerged that the use of such proteins in 
practice, e,g. in diagnosis, therapy and for 
biotransformations, frequently meets with difficulties 
because the stability and solubility properties thereof, 
15 especially at physiological pK values, are often 
unsatisfactory. Two examples of such proteins are tumor 
necrosis factor or intcrleukin-2. 

Solubility problems additionally occur very frequently in 
20 the expression ot glycoproteins in prokaryotic systems such 
as coli, becauae they are Chen expressed without the 
n a rural 9lycosylaticn, resulting in a considerably reduced 
solubility in so:ae cases. This may Riaxe it necessary to use 
considerably more costly eukaryotic expression systems. 

25 

On therapeutic use in the body, many proteins are very 
quickly removed from the bloodstream or degraded. 
Systemically administered proteins having a molecular 
weight of rore than about 70 kD may be removed from the 
30 circulation by the reticuloendothelial system or specific 
interactions with cellular receptors. Smaller proteins 
having a molecular weight of less than about 7D kD way in 
addition be removed to a large extent by the glomerular 
filtration in the Sidney {exclusion limit about 70 kO) . 
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: oc^r:;: 1 ": ln coupiing such *. 

a 5 T" e i ymeCii MitH ^ i- -tr. such 

on! ;°V XdB1 - ' P ° iyeth ^ enc — *e*tran. On the 

one hand, lt is possible by the coupling to increase the 

-lecular we i» hc aboVe che Qf 7Q « £ 

d«.«xc.li y increase., at>d on che Qther hand ^ SolahV 
in agueocs , ediu , ca „ be fcjje * 

polymer portion. -«iopniac 

with h ™r suall , y be,,eficiai efeects whicii ~* be 

with coupling of proteins to such polymers are based on the 
-»*ng of protease recognition sites and aflt £J£ 

On the one hand , it ts ^ ^ J *™ ^ 

i : or:; ut! :r nt - auy to eacape — degra j tion , 

«d on the other hand there is substantial suppression of 
£ ir.d U ctron of allergenic reactions by the exogenous 

we.ght. proteins are thus protected by the presence of a 

Poller fro. e„ 2yaiatic degradat - ion dnd , lfl ^ 

^o, thecal uenaturation. In ^ny cases , the stacilifcy ™ 

a^T £ " lifC ^ P ^ 8i " 3 iS seised 

and Che xnur.unogen.citv and antigenicity falls, thereby. 

ro date. »o« ■odifie.eiow have been carried out with 
Pcyethylohe glycol or oextran, wieh PEG being generluy 
Preferred because it affords siller products. g * nera - ly 

Dexcran couplings have been desC r-be d for only . few 

To; 71T2 ° a r u apr ° tinin - -ten coniugates often 

she* hagh allergeraciry, presumably caused by dentin 
degradation products, , iow Wabolic stability ^ Z 
«-V cases, low yields in the coupling reactions, thij has 
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led Co none of these dextran coupling products being 
approved a3 yet foe therapeutic use in humans or animals, 

Derivatiza Lions with PEG have been carried out considerably 
more frequently, so that this method can now be regarded as 
szand^rd for increasing the molecular weight of proreins. 
Some of these derivatives are in various phases of clinical 
trials or are already approved in t:he USA. PEG- hemoglobin 
is currently in phase III, as is a PEG adduct of superoxide 
dismutase (SOD), which isS the protein which has been 
investigated most in relation to polymer couplings. 
2EG-coupled asparaginase is already employed in the therapy 
of acute lymphocytic jeuicemia. Ia 2001, PEG-interf eror.-a 
was approved for rhe treatment of hepatitis C patients. 

On use of these ?EC conjugates, however, side effects 
ranging fro;a unpleasant to dangerous have also been 
reported, such as pruritis, hypersensitivity reactions and 
pancreatitis. In addition, the biological activity of the 
proteins after PEG coupling is often very low and the 
metabolism of the degradation products of PEG conjugates is 
still substantially unknown and possibly represents a 
health risk. 

WO 93/49SD7 describe conjugates of hemoqLobir- which are 
formed by reacting the aldehyde groups cf oxidatively ring- 
opened polysaccharides such as hydroxyethylstarch or 
dextran with primary amine grocpa of the protein. However, 
in this case, the employed polysaccharides set as 
polyfunctional reagents, resulting in a very heterogeneous 
product mixture with properties which are difficult to 
adjust. 

US patent 6,033,909 describes a process for coupling 
selectively oxidized nydroxyethylstarch to hemoglobin in 
DMSO. 0-jr investigations have shown, however, that the 
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desired produce s 

conditio,,,, ™' , "" l0ei „a« a 

-Ku. „. " — « 

There is thus still a n a ^ * 

1th which the so^ubilUv of 1 PE ^ C0Lp,ed P^l«.. 

e or the proteiaa can be increased. 
It is therefore aa object of the invention m „ • 

characterized «„ thac the h . , C ° njU9ates *ich are 

result^ di^a^ ^ ^J, ^ 
rccfifiecJ where approoriac- * " Couplln 9 "action can be 

-e abweTCntio 0 //:rr t ™ - 

conjuaates and compositions for * £ ° f 
therapeutic treatment „ f the hJL 

method- f^*. * n oa? an i*a1 body, 

«cthod 3 fcr preparin? these Conjugetes CQavoaLt ^ a 

It ha 3 surpri sir . gIy ^ n f rf 
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carried oat in aqueous solution, thus allowing the 
biological activity of the proteins in many cases to be 
completely cr partly retained. 

The aqueous reaction medium for the coupling reaction is in 
Lai* case preferably water or a mixture of water and an 
organic solvent, where the proportion of water in the 
mixture ir. at leas- about 10% by weight, preferably ar. 
least about 80% by weight, more preferably at least aboi:t 
90% by weight. 

The molar ratio of hyciroxyalkylstarch <«AS> to protein in 
the coupling reaction is usually about 20:1 to 1:1, 
pcererably about 5;i to 1:1. 

The remaining biological activity of the inventive 
hydroxyalkylstarch-protein conjugates, based on the initia.1 
activity of the protein, is usually at least 40% , 
preferably at least 50%, more preferably at least 70%, even 
more preferably at least &0%, *ost preferably at least 95%. 

The hydroxyalkylstarch (HAS) employed according to the 
invention can be prepared by a known method, e.g. 
hydibxyaikylaticn c£ a Larch at the C 2 and/or C fi position cf 
the anhydroglucose units with alkylene oxide or 
2-chloroaIkanol, e.g. 2-chloxoethanol (see, for example, 
US 5,219,108 Cor the hydroxyethyiation of starch), with 
various desired molecular weight ranges and degrees of 
substitution. It is also possible to employ any 
preparations obtainable commercially. The definition ot the 
aisyl grouping in -hydroxyalkylstarch'', as used herein, 
includes methyl, ethyl, isopropyl and n-prooyl r with 
particular preference for ethyl, A substantial advantage of 
hES is that it is? already approved by the authorities as 
biocompatible plasma expander "and is employed clinically on 
a large scale. 



?he average? molecular weiah- of ^ • 

* *» the _ ge from ^ t 9 3\;^r £ ;r:^"n ylst r ch ten 

Preferably about 4 kD ^ k ? ^" l0 ? dai ^ S ' 

tb. rang* frOM about , ^ £ Preferably ln 

from about 70 - kD t0 tot lfloo k£J ^ * D ° r " the range 
-bout U0 ico. For coupl'no to tt ' ^^■rty Preferably 
Secular weight of T he f d 3ma11 P " Cein5 ' "» 

exceed with the conjugates wh* " il ^ aao ^ ™ *0 is 

wiU preferably be in che ^ ^ <^°**U*yl starch 

7 1 - - ™ - 3 piiii^Vi^iT*- Slnce 

-t *ay also be advantageous ~ a r- \ * protei «. 

Poller chains, lMtQ 2"£ * PlU ^>' - -IT- 

a«hydraglucose unit 3 to tJ k """"^ ° f ""^"M 

range from about 0 2 to 0 S I <"**ntly be in the . 

degree or substitute. Till' * tD t! " 

ratio of C? to C 5 subst nation i ° "* ^ ™* 

««■ * to lf , preferably ; th ! n0rn " Uy ^ 

-aoiy m the xa.nge from a to 12. 

These parameters cao ^ 

wooc. S u b sti, U te , as sh0wn ^^tr^^. (hes> as 

the F u.« depends m LhD ra ** , tA " ° f HES 

oc 5obstitu , ion "Jf e <^« and the 

substitution or c 6 ^ * --t itution ^ 

-eight, a higher degree of W 9 m ° lecu1 *' 

Proportion of Cl fl SUbstitutio » «"d - higher 

time. 2 substxt.t.en ancrea 5ing the resldence 

These relationships also 'apply to '■ 
^droxyalicyistarch-protein con'^Les so r"""" 
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residence time of a particular conjugate in the plasma can 
be adjusted via the proportion of pc lysaccharida* 

Hydroxycthyl starch products with an avnra^e molecular 
5 weight of 130 kP and a degree of substitution of 0.5, and 
with an average molecular weight of 200 ku and a degree of 
substitution of 0.25, have already been usee clinically as 
blood substitutes and are aJCso suitable for use in the 
present invention* 

10 

The protein suitable in the present invention is in 
principle any protein which has the necessary functional 
group, e.g. a free amino group, thiol group or carboxyl 
group, for reacting- with the functional group of the HAS 
lb molecule - 

A desired functional group can be introduced also by 
reacting the protein with a suitable, physioloqically 
tolerated, bifunctional linker molecule. The remaining 
20 reactive functional group of the coupled-on linker molecule 
i3 then likewise regarded as "reactive functional group of 
the protein* for the purposes of the present invention. 

Suitable linker molecules comprise at one end a grouping 
25 able to enter into a covaient bonding with a reactive 
functional group ot" the protein, e.g. an amino, thiol, or 
carboxyl group, and at the other end a qrouping likewise 
able to enter into a covaient bonding with the terminal 
aldehyde group or a functional group deri-ved therefrom by 
30 chemical reaction, e.g. a carboxyl group, activated 
carboxyl group, amino or thiol group. Between the two 
functional croups of the linker .T.olecule chere is a 
biocompatible bridging molecule of suitable length, e.g, a 
grouping derived from an alxane, an (oligo)alxylene glycol 
35 grouping or another suitable . oligomer grouping. Preferred 
groupings able to react with amino groups are, for example. 
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^-iiydroxysuccinimicie 6sf - er 

F^r« M g cou Pin9a able ;; ; ea : c r tivated 

*>r e^ ie , ajnino or thiol g ^ - ««o*yl ^p* 

Examples of 1 ,- n ir.- 

1 linker molecules f^,- ^ 
functions are: * ejecting s H and NK 

^ acetoJty) 

ester) ^"^ysucciiumide 

ester). y_LOX y^ bui ^c>succini^iioe 

Unctions are: ° r connecting 



BMD3 



SH and SH 



BXDB <l.<-bi 5 - a « leiinitlobwiane) 
Dho" ,bl *- J »* 1 »i-idohexane) 

a.6-heK a „e-bi a - vloyi SulfoneJ 
■ l. 8: bis- maieiinidotfiethyleoe 



BM(PE0J« 



CA 0247&47B 20M-OHI 



10 



15 



Examples of linker molecules for connecting nh and NH 
functions are: 

BSOCOES (bia • (2 -succinimidyloxycarbonyloxy) ethyl) 
sulf one 

BS 3 <biG-(Bul£o6ucciniTtii4yl) subcrate) 

OFDNB (i .5-difluoro-2,4-nitrobenzene) 

DMA (dimethyl adipimidate HCD) 

DSG (di succ ini mi dyl glut a rate) 

DSS {disuccinimidyl suberate) 

EGS (ethylene glycol bis<auccinimidyl succinate) . 



for connecting SH and CHO 



Examples of linker molecules 
functions are: 

BOTH (K- (ts-maleimidopropionic acid) hydrazide TFA) 

EMCA (N-<s-Tnaleiraidocaproic acid) hydrazide) 

KMUW (H- (ic-TnaleirJ.doundecanoic acid) hydrazide) 

WiC 2 H (4 - (N- maleimidomethyl ) cyclohcxane - 1 - 

carboxylhydrazide HC1) 
MPBir (4 - (4 -N-maleimidophenyl) butyric acid 

hydrazide nCl) 
PDPK (3 - U-pYTidyldithio) propionylhydrazide) . 

An example of a linker molecule for connecting SH and OH 
functions is 

PWPI (H-lp-maleimidophenyll isocyanate) . 

Examples of linker molecules for converting an SH function 

into a COOK function are 

BMPA (N-S-maleimidopropionic acid) 

BMCH (M-fc-maleimidocaproic acid) 

KMUA (N-K-maleiraidoundecauoic acid) . 

Examples of linker molecules for converting an NH function 
into a COOH- function are MSA (methyl N-succinimidyl 
adipate) or longer-chain " homologues thereof or 
• corresponding derivatives of ethylene glycol. 
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Examples of l inkor 

chain hom o Ic9ues cfe ^o t or ( dlar>in0bUta " 6) Cr 
ethylene glycol. " c °™P<>»din g derivat ives of 

An exa*p U of * Xinxer 

*roup of a .olecuie and provides , th *" *«™ 

■ 1-rger distance from this T gr ° up at 

hindrance ia rrcs T , aV ° ict 
succinimide esCft r). (N " e<triflB0 ^ct y lc a p CO yioxy), 

Farther suitable linker molecules v 

«q-in« and depending or ^ fu , ct V * d * Si9ned 93 
desired Ln the has -„! fURCtiona l group, present and 

PX^red by ^ttl ^ " * ^ ~' « - 



The term 



**»<r term ''protein" f rtr - *-k^ 

4U ror tne purposes of 
inventor: is ini-end*»H « «, . tne P re *ent 

.Mch «-*n^TL«ttr" eV "-" y *""° """"" 

particular desi-^ . ? ^ Hlil ■ 

-refore preferably ^ o/^T r e^ ^ 
catalytic function, a si „ nai t ^T' '^"o^ ° r 

Action or a functi3n in Z\^T 9 ° C CfenSP ° rt 
«n in the innuae response or induction 
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of. an immune response 

The protein may be selected' for example from the group 
composed of enzymes, antibodies, antigens, transport: 
b proteins, bioadhesion proteins, hormones, growth factors, 
cytokines, receptors, suppressors,, activators, inhibitors 
or a functional derivative or fragment thereof* "Functional 
derivative or fragment" means in this connection a 
derivative or fragment which has retained a desired 
10 biological property or activity of the parent molecule in 
whole or in part, e.g. to the extent of at least 10 -30%, 
preferably more than 50%, even more preferably more than 
70%, n*ost preferably more than 90*. Particularly preferred 
examples of such a fragment are antibody fragments. 

15 

Specif ic examples are or-, p- or ^interferon, interleukins, 
e.g. IL-l to IL-I9, growth factors, e.g. epidermal growth 
factor (£GF) r platelet growth factor (PDGF) , fibroblast 
growth factor (FGF) , bra tn-derived growth factor (BDGf ) , 

20 nerve growth factor (NGF), E-cell growth factor (BCGF), 
brain-derived neurotrophic growth factor {BDNli') f ciliary 
neurotrophic factor (CNTr), transforming growth factors, 
e.g. TG?-cr or TGF-p, colony-stimulating factors <CSF>> e.g. 
GM-CSF, G-CSF, BMP (bone rcorphogenic proteins), growth 

25 hormones, e.g. human growth hormone, tumor necrosis 
factors, e.g. TNF-cr or TNF-p, somatostatin, somatotropin, 
somatomedins, serum proteins, e.g. cioctiny factors 
II-XIXI, albumin, erythropoietin, myoglobin, hemoglobin, 
plasminogen activators, e.g. tissue plasminogen activator, 

30 hormones ox prohormones, eg- insulin, gonadotropin, 
melanocyte-stimulating hor/uone (c*-M5H) , triptorelin, 
hypothalamus hecmcnea, e.g. antidiuretic horirones tADH) and 
oxytocin, and liberins and statins, parathyroid hormone, 
thyroid hormones, e.g. thyroxine, thyrotropin, 

35 thyroliberin, prolactin, calcitonin, glucagon, glucagon- 
I.i<e peptides GLP-2, etc.), exendins, e.g. 
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1=*, tgD or , fragment thereof hirudi ' . 9t " l9M ' 

snake v eawcs , i^unotoxirs 1 ^ riCi "' bee vs "™< 

Proteinase inhibits '"'T b ^< alp ha - 

W corresponding receptor. fo * , " 

functional derivative or •= the<W P UQCei ^s; or a 

or receptor. " of ~ of thess proteins 

13 «roupr e of eaZyn!e5 k be "elected for ejfaalple , rcm 

groups of carbohydrate-soecirir- the 
*»*Y™S, oxidases, JZ h eR2ymCS ' pEOt «*mc 

.on-restrictive e^l.s a" ^ 
argmase, argi„<ne d eam - asparaginase. 

— nia-lyase, t rvp topnar . a!j r Ca ^ a o e ' Phenylalanine 
--tase, an endotoxlftase ;' -P-oxide 
kaUikrein, trypsin catalase, peroxidase, 

qiucocerebrosidase a J,.~., ... ' ^ lact osi<ia 3e , 

As mentioned above * 

aldehyde geoup or , ^ in * *««ion is the terminal, 

-action. 9r ° UP d ? CiV6d *«erefro m by chemical 
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One example of such a chemical reaction is the selective 
oxidation of this, aldehyde group wit* a mild oxidising 
agent such as, for example, iodine, bromine or some metal 
ions, or else by means of electrochemical oxidation to a 
carboxyl group or activated carboxyl group, e.g. an ester, 
lactone, amide, with the carboxyl group being converted 
where appropriate in a second reaction into the activated 
derivative. This carboxyl group or activated carboxyl group 
car chen be coupled to a primary amino or thiol group of 
the protein to form an amide linkage or thioester linkage. 

in a particularly preferred preparation method, this 
aldehyde group is selectively oxidized with a molar excess 
of iodine, preferably in a molar ratio of iodine r.o HAS of 
f>oro 2:1 to 20:1, particularly preferably about 5:1 to S:i. 
in agceous basic solution. In the optimised method 
described in example 1, initially an amount of 
hydroxyalkylstarch ts dissolved in hot distilled water, and 
somewhat less than 1 mole equivalent of aqueous iodine 
solution, preferably in a concentration of about 0.05-0.5N, 
particularly preferably about 0.1H, is added, fcrter this, 
an aqueous NaOH solution in a molar concentration which is 
about 5-15 times, preferably about 10 times, that of the 
iodine solution is slowly added dropwise, at intervals of a 
pluiaUty of minutes, to the reaction solution until the 
solution starts to become clear again after the addition. 
Somewhat less than 1 mole equivalent of the above aqueous 
iodine solution is again added to the reaction solution, 
the dropwise addition of the NaOH solution is resumed, and 
the addition of iodine and NaOH are repeated until 
approximately 5.5-6 mole equivalents of iodine solution ar.d 
11-12 Dole ecuivalents of NaOH solution, based on the 
hydroxyalkylsr'arch, ha*e been added. The reaction is then 
' stopped. the reaction solution is desalted. e.g. by 
dialvsis or ultrafiltration, subjected to a calion exchange 
chromatography, ar.d the reaction prodtct is obtained by 
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are achieved i^e!: 1 ^'- Wtluuvo 
ch« HAS. ^respect.ve of the ^ weighfc of 

3 T * - rusher particular^ pre , e ^ cd 

selective oxidation takes D i»- «*odl»eot. the 

solution of metal . c J S -th airline stabile 

approximately qa.ntitafve ^.i* °' likewi ^ in 

Prefers io this (•»•**• 2) . Jc ia 

10 tl - s -IT excess of the ^J"^ -W>«»xi..t.i y 3 - 10 

vne oxidizing agent. 

"-^taxyphthalisnide, fh . L ^^"^ysuccinijiiide, 

■ ^P^initrcphenoi. trichio^h J' ^~P*«.oi r 
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• ----My carbodii ; ide -^-o.e (CDJ) , or 
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literature for similar coupling reactions, it has 
surprisingly been round in this connection that on use of a 
carbodiixdde as a rule Che use of etherwise obligatory 
further activators such as tr.azoles. e.g. HOBt, is 
unnecessary ol even maKes .the yields worse. In too 
inventive coupling of ox-HES to various model compounds m 
the presence of EDC and absence of HOBt by contrast it was 
possible to achieve high yields substantially irrespective 
of the molecular weight of the HES (see examples) . 

Instead of the reaction of the carboxyl group or activated 
car&oxyl m-ou? with a free primary amino group of the 
protein (e.g. of a lysine ox arginine residue) , an 
analogous reaction with a thiol gro*p (of a cysteine) of 
the protein is also possible in principle. However, it roust 
be taken into account in this connection that cysteines are 
usually involved in S-S bridges and are therefore not 
available for a coupling reaction. If, on the other hanc, 
tree cysteines are present, they frequently play an 
irnportant part in. catalysis or are involved in the contact 
site cf subunits. * modification of these cysteines «ll 
,f C n result in partial or complete loss of the biological 
activity. This problem could be elininated by introducing 
free cysteines by conventional genetic engineering methods 
such as, for example directed trutager.esis or chemical 
Peptide synthesis at those sites in the protein which are 
known to play no part in the activity. Cotinal control ot 
rhe couoling site is possible in this way. Targeted 
introduction of other reaction amino acids, e.g. Lys, His, 
&rg, MP, Clu, into the protein would also be possible in 
the same way. 

The reactive group of the hydroxy. i kylstarch molecule can 
' ai so be an a.-oine or thiol group produced by chemical 
reaction of trie terminal aldehyde group. For example, a 
reductive agination of the aldehyde group can be carried 
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rsact with thiol groups are, fcr example, maleimide and 
carboxyl groups; preferred groupings able to react with 
aldehyde or carboxyl groups are, for example, amino or 
thiol groups. 

5 

A number of specific, non-restrictive examples of suitable 
linker molecules have already been indicated above with 
reference tc the conjugation of linker molecules to the 
protein* 

10 

In an alternative inventive coupling method oi the present 
invention, the terminal aldehyde group is reacted directly 
with a primary amino group (e.g. of a lysine or arginine 
residue or of the N- terminus) of the protein to fori?, a 

IS Schiifs base. The formed Schif f ' s base is, subsequent or 
parallel thereto, reduced by reaction with a suitable 
reducing agent, resulting in a bonding which is stable in 
aqueous medium between protein and HAS. Preferred reducing 
agents are sodium borohydride, sodium cyanoborohydridc, 

20 organic boron complexes, e.g. a 4- (dimethYiamino)pyridi ne- 
boron complex, N-e thy Idi is ©propylamine -boron complex, 
N-etbylruorpholine-coron complex, N-methytmorphoiine-boron 
complex, N-phenylmorpholine-bocon. complex,, lutidine-boron 
complex, triethylamine-boron complex, trimer.hyl amice-boron 

25 complex; suitable stereoselective reducing agents are, for 
example, sodium . triacetate borohydridc, sodium 
triethylborohydride, sodium trimethoxyborcnydride, 

potassium tri-sec-butylborofrydridc (K-Selectride) , sodium 
tri-sec-butylborohydride (N-Seiectride) 4 lithium tri-sec- 

30 butylborohydcide (L-5eIectride) , potassium 

triamylborohydride (KS-Selectride) and lithium triamyi- 
borchydride (LS-selectride) . 

The yields can be improved by suitable variation of the 
35 reaction conditions. Parameters for such optimization tests 
era the pH of the reaction mixture {possible protein 
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Compositions of this type include a pharmaceutics lly 
effective amount cf a conjugate of the invention as active 
ingredient, acid a pharmaceutical.^ suitable carrier and, 
where appropriate, other therapeutic or pharmaceutical 
ingredients or excipients. Excipientn may include for 
example diluents, buffers, flavorings, binders, surface- 
active agents, th.icken.ers, lubricants, preservatives 
(including antioxidants) and substances which serve to make 
-he formulation isotonic with the blood of the in-ended 
recipient. A pharmaceutical^ effective aroount is the 
amount stiCficient to display on single or multiple 
administration a desired beneficial effect during a 
treatment to alleviate, cure or prevent a patholoqical 
condition. A pharmaceutical ly acceptable carrier is a 
carrier which is compatible both with the active 
pharmaceutical ingredient and with the patient's body. 

The form of zhe composition will vary depending on the 
desired or suitable adrainist ration route. A preferred route 
is parenteral . administration, e.g. subcutaneous, 
intramuscular, intravenous, intraarterial, intraarticular, 
intrathecal, extradural injection or, where appropriate, 
infusion. Intranasal, intratracheal or topical 
administration, is also possible. Topical administration of 
growth factors conjugated according to the invention might 
for example speed up wound healing. The pharmaceutical 
compositions tnay beneficially be supplied in the form of a 
dosage cr.it and be produced by any method well known in the 
pharmacy sector. 

The conjugates of tne present invention can also be 
employed in all other sectors in which other protein- 
polymer conjugates, e.g. PEG-oratein conjugates, have been 
used. Sorce specific, non- restrictive examples are the use 
of an ISAS-protein conjugate as immobilized catalyst or 
reactanL for a reaction in heterogeneous phase or as a 
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Determination of the degree of oxidation: 

1 ml of alkaline cepper reagent (3.5 g of Ka^POa, 4 . 0 g of 
K Ka tatrate in 50 ml of H 2 0„ plus 10 ml of IN NaOH, 8.0 ml 
5 of 10% strength (weight /volume) CuSD^ solution and 0.0S9 g 
of K iodate in 10 nil of K2O, after addition of 18 g of Ka 
sulfate, ciake up to 100 ml> are pipetted in each case into 
1 ml of sample solution under an atmosphere. The mixture 
is headed at 100 'C for 45 minuses. After cooling, 0.2 ml of 

10 2.5% strength KI solution and 0.15 ml of 1 M K>SO« are 
added. After 5 rain, 1 drop of phenol red indicator solution 
(1% weigh t/vo!ur>e) is added, and titration is carried out 
with 5 mM NajSjOj solution until the color disappears. The 
concentration of un reacted aldehyde groups can be 

15 calculated from the consumption of titrant. 

An approximately quantitative yield was achieved (> 96%) ♦ 
It is possible by this procedure to oxidize 
hydro*yethyl starches with higher molecular weight (e,g. 
20 130 kD, 250 kD, 400 kD) jusc like hydroxyethylstarches with 
lower molecular weight (e,g. 10 kD, 25 kD, 40 kD) , in 
similarly high yields. 

EXAMPLE 2 

25 Selective oxidation of HES with Cu* + ions 

A solution of 0-24 mrool of HES-130 kD was prepared in 10 ml 
of deionized water with heating. This solution was heated 
in a 100 nil round-bottomed flask to a temperature of 

30 70-&0*C, and 1.17 mmol of stabilized Cu 2t (e.g. Rochellc 
salt as stabilizer or other stabilizers) and dilute aqueous 
NaOH solution was added (final concentration 0.1K NaOH) . 
The temperature was then raised to 10O*C, and the reaction 
was allowed to proceed until u reddish color had appeared. 

35 The reaction was stopped and the reaction mixture was 
cooled to 4°C. The reddish precipitate was removed by 
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nixture was likewise cialyzed end lyophiiized as described 
above- Analysis (as above;) showed the coupling product was 
obtained, but the yield* were somewhat lower than in the 
coupling with high molecular weight ox-HF.S. 

5 

EXAMPLE 5 

Coupling of ox-HES-130 kD to myoglobin (Mb) 

4.3 g of ox-HES-130 xD were completely dissolved in water 
10 {6-7 mJ), and then 100 ng of Mb (Sigrca, Tauf kirchen) , 
dissolved in 10 mi of 0.1 M phosphate buffer (?H 7.0), were 
added. The coupling reaction was started by adding 30 mg of 
EDC. Addition of EDC was repeated every 2 hours until a 
total of 90 tng of the carbodiimide had been consumed. The 
15 reaction mixture was then dialyzed against 50 irM phosphate 
buffer, pH 7,0, and lyophilized. G?C showed a definite 
product peafc, which was detected in the hold-up volume at 
450 rur.. it was possible to calculate a coupling yield of 
88% trcm this. The oxygen-binding capacity of the hesyLated 
20 myoglobin was about 76% of the binding capacity of 
unnodified Mb. 

EXAMPLE 6 

Coupling of ox-HE5-10 KD to superoxide dismutase (SOD) 

25 

One part by volume of an aqueous solution of ox-H£S-10 xD 
(1.05 g/nl) was incubated with one part by volume of a 
7 mg/ral 5GD solution (Sigma, Taufkirchen) in SO mM 
phosphate bufCec, pH 7.6, at room temperature. The coupling 

30 reaction was initiated by adding 280 mg of EDC in 
5 portions over a period of 24 h. The progress of the 
reaction was followed by GPC analysis in phosphate buffer 
and detection at 280 nro. After 24 h r 81% of the protein 
were found in the higher molecular weight region of the 

35 separating column, and the reaction was stopped after this 
vime. The reaction fixture was subjected to a diaf iltration 
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EXAMPLE 9 

Coupling of ox-HBTS-25 kD to human tumor necrosis factor a 

0.3 mg of hTNFa (Sigma, Taufkirchen) wece added to 86 mg of 
QX _ H p 3 ^25 kD in about 0,4 nl of 0.1 M phosphate buffer (pH 
7.0>. The cloudy solution was stirred for about 2 h before 
1 mg of EDC and 0,5 «g of KOBt were added* Stirring was 
continued for about 6 h r with the solution becoming clear 
during the reaction tizce- The coupling product was isolated 
by ultrafiltration and freeze drying and analyzed by GPC 
and detection at 280 run. A coupling yield of approximately 
•74% was foond in this case. 

10 

Coupling of ox-HES-130 ltD to glucagon- like peptide (GLP-1) 

7.4 g of ox-HES-130 kD were dissolved in a minimum volume 
of water by heating and gentle srirring. A solution of 
10 mg cf GI.P-1 i^ the amide forai (Bachem, Switzerland) in 
50 mM phosphate buffer, pH 7.4, was added by pipette. The 
reaction was started by adding 35 mg of EDC and was 
cautiously stirred Cor 2 h. This was repeated 2x more 
because, after this time, a peptide peak was no longer 
evident in the GPC analysis at 280 nm, i.e. approximately 
complete conversion to the coupling product had taken 
place. This couplir.9 product was diaf ilr.ered using a 30 kD 
membrane and lyophilUed from phosphate buffer solution. It 
was possible to conclude from the results of a MALD1 mass 
spectroscopy that the stoichiometry between peptide and RES 
was 1:1. 
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EXAMPLE 13 

Coupling- of HE5-40 kD to asparaginase 

3.D g of KES-4C kD were completely dissolved in water 
5 (about 4 ml) . A solution of 80 rag yl asparaginase (Sigma, 
Taufkirchen) in 6 ml of 0.1 M borate buffer, pH 9.0, were 
added thereto and. stirred until the reaction mixture was 
clear. The temperature was then raised to 37 *C and r after 
2 h, about 50 m9 of NaBH.iCN were added. This reaction cycle 
10 was repeated 3x more. The product was worked up by 
aialyzing tfce reaction mixture against 0.1 M phosphate 
buffer, pH 7.4. The yield of coupling product was about 
61%, and about 73% of tfcfi asparaginase activity was 
recoverable. 

15 

EXAMPLE 14 

Coupling Of HE S -130 kD to human interleukin~2 (IL-2) 

50 ma, ot HES>~130 kD wer^ completely dissolved in water 
20 (about 0.2 ml). A suspension of 0.2S mg of human TL-2 
(Sigma, Tauf kirchen) in 0.2 mi of 0.1 M borate buffer, pH 
9.0, was added thereto and stirred until the reaction 
otixture was clear (4 h) ♦ 1 mg portions of NaBHiCtf were 
added at .intervals each of 4 h, and stirring was continued. 
25 After a further reaction r.iree of 24 h, the mixture was 
diaiyzed against 0.1 K yhosphste buffer, pH 7.4 and 
lyophilizert. The yield of coupling product was about 42% 
according to GPC analysis. 

30 EXAMPLE 15 

Coupling of HES-130 kl> to insulin 

4.0 g of HES-130 *xD were completely dissolved in water 
(about 6 ml) . 5b mg of insulin from bovine pancreas (Sigma, 
35 Taufkircherw in 7.5ml of 0,1 M borate buffer (pH 9.0) , 
were added r/nereto and stirred at 37 ft C for about 24 n. The 
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CLAIMS 



1. i\ hydrcxyalkylstarch-protein conjugate, characterized 
in that the binding interaction between the 
hydroxyalkylstarch molecule and Che protein is based on 
a co va lent bonding which is the result of a coupling 
reaction becween (I) the terminal aldehyde group, or a 
functional group derived from this aldehyde group by 
chemical reaction, of the hydroxyalkylstarch molecule 
and (ii) a functional group, which is able to react 
with this aldehyde group or functional group derived 
therefrom of the hydroxyalkylstarch molecule, of the 
protein, where the bonding resulting directly in the 
coupling reaction can be modified where appropriate by 
a further reaction to give the abovementioned covalent 
bonding . 

2. The hydroxyalkylstarch-prcteir, conjugate as clairned in 
claim 1, characterized in that the functional group 
derived from, the terminal aldehyde group of the 
hydroxyalkyl starch molecule by chemical, reaction is one 
of ^he functional groups of a bifunctional linker 
molecule with which the -erminal aldehyde group has 
been reacted - 

3. "he hydroxyalkylstareh-protein conjugate as claimed In 
claim 1 cr 2, characterized in that the reactive 
functional group of the protean is one of the 
functional groups of a bifunctional linker molecule 
which has been coupled onto the protein. 



4. The hydroxyalkylstarch-protein conjugate as claimed in 
claim ) or 2, characterized in that the reactive 
functional group of the protein has been introduced 
into the protein by recombinant nodification of the 
original amino acid sequence. 
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cla^J 3 or 4 r characterize in that the COvalent 

bo--»g x- :be tMt of a ccupling reaction 

ca.boxy group formGC , fay aelective Oxi{4at . oo 

9C <"*' « carboxyl croup 

of the hydroxyalxylstarch molecule an(J a pciroar / am J; 
group or thiol group cf the protein. 

th- result of a coupling reaction between an activated 
carboxyl group forteed by selective oxidation of tbe 
tenotnal ald 8h yde gccup ef the hydroxyalJiylstarch 
-lecule, and a primary amir.o group of the protein. 

The ^jugate as clai^d in ciaJ|a 3 

between the. terminal aldehyde gr0 up of the 
hydroxyal^ylstarch molecule and a p timary ^ grQup 
of the protein to form . scbiff'a base, and redactio * 
of the schlffa ba Se to the a[n . ne 

- The conjugate as claimed ia aay of 1 

ZtTZi Z '\ ^ ^-"ValKyistarch molecule 

about 1000 JcD. 



thLTh'TJ " C " aimed ^ ° laim »' «".r.ct.ci,,d in 

ILht of h h ydro T lkylstarch molecule has a 

weight of about 4 to about 50 !o. 

The conjugate as claimed in claim 8, characterized in 

coat the hydroxyalxylstarch molecule has a moie-ular 
weight of about 70 to about 1000 W>. 
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The conjugate as claimed in claim aO, characterized in 
that Che hydroxyaJ Jcylstarch nolecule has a raoteculex 
weight of about 120 kD. 

The conjugate as claimed in any of claims 1 to 11, 
characterized in that the hydroxyai -cylstarch molecule 
has a degree of substitution of about 0.3 to about. 0-7. 

The conjugate as claimed in any of claims 1 to 12 , 
characterized in that the hydroxyalkyl starch molecule 
has a xatiu of to C b substitution of from 8 to 12. 

The conjugate as claimed in any of claims 1 to 13, 
characterized in that the hydroxyalkyl3tarch molecule 
is a hydroxyethyistarch molecule* 

The conjugate as claimed in any of claims 1 to 14, 
characterized in that the protein has a regulatory or 
catalytic function, a signal transmitting or transport 
function or a function in the inraune response or 
induction of an immune response. 

The conjugate as claimed in claim 13, characterized in 
that the protein Is selected froir. the group composed of 
enzymes, antibodies , antigens, transport proteins r 
bioadhesLon proteins, hormones and prohormones, growth 
factors and growth factor receptors, cytokines, 
receptors, suppressors, activators, inhibitors or a 
functional derivative or fragment thereof. 

. The conjugate as claimed in claim 15 or 16, 
characterized in that the protein is o-, p- or 
y-interferon, an interleukin, a serum protein, e.g. 
albumin or a clotting faccot, erythropoietin, 
myoglobin, hemoglobin, a plasminogen activator, BCGF, 
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BDGF, SGF. FCF, NGF, PDGF. RDNF' r CNfF, TGF-o, TG*--p a 
colony-stimulating factor, a bhp, somatomedin 
somatotropin, somatostatin, insulin, gonadotropin, 
ot*MSK, triptoreiin, prolactin, calcitonin, glucagon fl 
glucagon-like peptide, e.g. Glt ^ or Gi? _ 2f 
Jeptm, gastrin, secretin, an integrin. a hypoxia™, 
hormone, e.g. an ADH, oxytocin, a liberin or stat'n a 
thyroid hormone, e.g. thyroxine, thyrotropin, 
-hyrol.berin, a growth hormone, e.g. human growth 
hormone, LH, FSK, a pigmentary hormone, TNF-ot TKF-p 
hirudin, a lipoprotein or apoiipoprotein, e.g. fip a-3 
Aoo-E, Apo-I,,, aR cligolysine protein, an RGD protean' 
a lectin or ricin, bee venom or a sna) ;e venom, an 
immunotoxin, ragged allergen, antigen E, an 
imm-Jnoglobulin, or a receptor for one of these oroteins 
or a fyncr.ior.ai derivative or fragment of one of these 
proteins or receptors. 

• The conjugate as claimed in claim 15 or i 6 
cnaracterired. in that the protein is an enzyme which = s 
selected from an asparaginase, arginase, arginine 
deaminase, adenosine deaminase, glutaminase, 
glutammase-asparaginase, phenylalanine aamonia^yase, 
tryp-ophanase, tyrosinase, superoxide disease, 
endotoxinase, catalase, peroxidase, kallikrein, 
trypsin, chymotrypsin, elastase. thermolysin, a Upa 5C , 
uncase, adenosine diphosphacase, purine-nucleoside 
Phosphorylase, bilirubin oxidase, glucose oxidase 
giucodase, gluconate oxidase, galactoses*, 
g.ucocerebrosidase, glucuronidase, hyaluronidase, 
tissue factor, a tissue plasminogen activator, 
streptokinase, urokinase, an MAP kinase, mjasc, RNAse , 
lactote-rin, and functional derivatives or fragments 
thereof. 
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amount, of a conjugate as claimed in any of claims 1 to 
13 and d pharjr.aceuticaily acceptable carrier and, where 
appropriate, further excipients and active ingredients, 

5 20. The use of a conjugate as claimed in any of claims 1 to 
18 ox a composition as claimed in ciaim 19 for. the 
therapeutic or preventive treatment of nutans or 
animals - 

10 2i. A method for preparing a hydroxyalkylstarch-protein 

conjugate as claimed in any of claims I to 18, 
character ized in thar a coupling reaction is carried 
out in aqueous solution between the terminal aldehyde 
group, or a functional group derived from this aldeiiyd* 

11 group by chemical reaction, of the hydcoxyality 1st arch 
molecule and a funntioniil group, whi<:h is efclc to react 
with this aldehyde group or functional group derived 
therefrom of the hydro* ya 1 ky is tar ch molecule, of the 
protein, and tae bonding resulting directly in the 

20 coupling reaction is modified where appropriate by a 

further reaction. 

22. The method as chimed in claim 21, character ized in 
that the reactior. medium of the coupling reaction is 

2!> water or a mixture of water and on organic solvent, 

where the water content uf the mixture is at least 80% - 

23. The method as claimed ir. claira 21 or 22, characterised 
in chat the terminal aldehyde gro-jp of the 

3° hydiJoxyalkyiscar'-h molecule in converted by selective 

oxidation into the corresponding carboxyl 
functionality, and the latter is subsequently reacted 
under activating conditions i.T aqueous solution with a 
free amino group of the protein, so that the 

35 hydroxyalkyistarch molecule is ii.nfced to the protein by 

an amide linkage. 
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26. 



27. 



that the Belective oxldatioo of ^ 

::;:;r ut with iodi ~ ° r metai i ~ - — 

25. The nechod as claimed , n cIaiR( 23 or 2 < charact<5ri2ed 
in that tho coupling reaction i 5 carried out ln f« 
presence of a carbodiiinide . 

Tha ^thod as claimed m claim 2 5 , characterized ilt 
that the carbodiiroidc i, l-(3-dl«ethylan,inopro 0 yl)- 3 - 
etnylcarbodiimtde (EOC) . " 

The n»thod as claimed in clai* 21 or 22 , charACtecUed 
-a tnan the terminal aldehyde group of the 
hyd^ax.ylsta.ch molecule is coupled to , free a ro ir.o 

forned Sch.fr 5 base > 3 rc d UC ed to the amine, so that 
-he hydroxyaikylstarch molecule is r inkacl tQ the 
protein by an amine linkage. 

ItlTT " Clei:ne£j in ^ ^raccerized in 

sXa^n C ° UPlin9 reC,UCCi0n " ke - aqueous 

29. The method as ciai.ed in claim 27 or characterized 
xr, tnat the reducing agent is sodium borohydriue, 
scUeo, cyanoborohydride or an organic boron complex. 

30. rh« ae thod ao claimed in any of clain* 27 to 29 
characterized in chat t „. coupling . ^ 
reactions are carried out simultaneously. 

31. A CT «thod for preparing ' hydroxyalfcylstarch which ls 
selectively oxidized at £he terminal aldehyde group, 
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characterized in that the hydroxyalfcylstarch is reacted 
in a r*>lar ratio of iodine to HAS of from 2:1 to 20:1 
in basic aqueous solution. 

Ths* mulhud da claimed in • claim 31 , characterized in 
that the molar ratio of iodine to HAS is about 5:1 to 
6:1. 

The method aa claimed in claim 31, characterized in 
that 

a) an amount of hydroxyal?«yl starch ia dissolved in 
warm distill p-d water, and oorcewhat lees than 1 mole 
equivalent of aqueous iodine solution is added, 

b} NaOH solution in a molar concentration which is 
about 5-15 times that of the iodine solution is 
slowly added drop wise, at intervals of a plurality 
of minutes , to the reaction solution until the 
solution starts to become clear again after the 
addition, 

c) somewhat less than 1 rcole equivalent of aqueous 
iodine solution is again added to the reaction 
solution, 

dj the dropwiae addition of the NaOH solution i3 
resumed, 

e) steps h) to d) are repeated until approximately 

mole equivalents of iodine, solution and 
11-12 mole equivalents of tiaOH solution, based on 
the hydroxyalky Is Larch, have been added, 

f) the reaction ia then stopped, and the reaction 
solution is desalted and subjected to a cation 
exchange chromatography, and the reaction product 
is obtained by lyophilization. 

The method as claimed in claim 33, characterized in 
that the aqueous iodine solution is an approximately 
0.05-0.5N iodine solution. 
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The method as claimed in claim 33 or 34, characterized 
in that the molar concentration of the NaQK solution is 
about 10 tines that of the Iodine solution. 

A method' for preparing hydroxyalkylstacch which is 
selectively oxidized at the terminal aldehyde group, 
characterized in that the HAS is oxidized in aq-jeous 
alkaline solution with a raolar excess of stabilized 
metal ions selected from Cu^ ions and Ag' ions. 
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